Fusarium infections are an important problem worldwide, commonly affecting immunocompromised individuals. We conducted a retrospective study in two Israeli tertiary medical centers of factors predisposing to infection by Fusarium spp. and their influence on the epidemiology and clinical outcome of this infection. Fusarium spp. were isolated from 89 patients with a median age of 57 years. Sixty-eight patients were considered immunocompetent. Seven patients had disseminated disease, 34 had locally invasive disease, and 48 had superficial infection. Most infections were limited and occurred mainly in lower limbs. Factors associated with in-hospital mortality were chronic renal failure, hematological malignancy, immunosuppression, disseminated infection, and positive blood culture. Multivariate analysis showed that chronic renal failure, hematological malignancy, burns, and disseminated infection were independently associated with mortality. A surge in the frequency of infections was noticed during the summer for patients from rural areas, involving mainly the eyes and lungs. At one of the hospitals (in a mountainous area), there was an increase in the isolation rate over time.
Invasive fungal infections are a major medical problem, particularly among immunocompromised hosts such as patients with hematological malignancies and those who have undergone stem cell or solid organ transplantation (3, 8, 20, 22, 23, 33) . Some fungal species, including Fusarium spp., rarely cause disease but are considered emerging pathogens (8, 23) . Since many of the data concerning such infections are gathered from small series or individual cases, it is difficult to evaluate the predisposing factors, natural history, clinical course, treatment, and prognosis of these patients.
Fusarium species are molds that have a worldwide distribution and are found mainly as saprophytic organisms in soil (26) . In recent years, there have been an increasing number of reports of human infection due to Fusarium species, mostly involving immunocompromised hosts (3, 10, 16, 19) . Some consider it the second most common mold pathogen in these patients (8) , causing localized infection, deep-seated skin infections, and disseminated disease. Reports of infection in nonimmunocompromised hosts are infrequent and usually involve dialysis-related, burn wound, or ocular infections (1, 2, 5, 11, 12, 18, 26, 28, 31, 32, (34) (35) (36) (37) , although it has been suggested recently that, among these patients, the most frequent site of infection is the skin (27) .
We reviewed all patients from whom Fusarium species were isolated in two major tertiary-care centers in Israel. Our purpose was to investigate the spectrum of fusarial infection among both immunocompromised hosts and other groups of patients and to determine factors which may influence the acquisition and outcome of infection in these diverse groups.
(Parts of this work were presented at the 15th Congress of the International Society for Human and Animal Mycology, San Antonio, Tex., in 2003.)
MATERIALS AND METHODS
We performed a retrospective study in the two main medical centers in which fungal diagnosis is performed in Israel. The two Hadassah University hospitals in Jerusalem together comprise a 1,000-bed tertiary medical center situated in a mountainous area at 800 m above sea level. Sheba Medical Center is a university hospital Outpatients and nonresidents of Israel were excluded because the data available in the records of these patients were inadequate. Immunocompromised patients were defined as those who had a hematological malignancy, were undergoing chemotherapy, or were receiving steroids at a dose higher than that equivalent to 10 mg of prednisone/day. Patients who did not meet these criteria were considered immunocompetent. Patients were regarded as having been treated for fusarial infection if they had received one of the following medications: amphotericin B (deoxycholate or lipid formulation), natamycin (ocular infections), or voriconazole (only one patient).
Only death occurring in the hospital was considered in the analyses involving mortality. Because of the retrospective nature of the study and the dearth of autopsies performed, attributable mortality was not evaluated.
Classification of infection was based on criteria proposed previously by several investigators (13, 16, 26) (Table 1) .
Fungal isolation and identification. Very similar procedures were used by both institutions for specimen handling, with only slight and insignificant variations.
Fusarium isolates were recovered from clinical specimens following primary culture for 3 to 7 days at 30°C on Emmons' modified Sabouraud glucose agar supplemented with 50 mg of chloramphenicol and 5 mg of gentamicin per liter. A Cellotape flag preparation (15) for the rapid mounting of sporulating fungi was performed if the colonies produced abundant conidia. Microscopic observation of fusiform to sickle-shaped macroconidia after staining with lactophenol cotton blue were indicative of the presence of Fusarium spp. A pure culture obtained from a single conidium or hyphal tip inoculated on potato dextrose-sucrose agar (Difco Laboratories, Detroit, Mich.) was maintained at 30°C and examined for colony color and morphology.
Slide cultures with potato dextrose-sucrose agar were prepared from the pure culture. Conidial morphology and ontogeny were examined microscopically after 3 to 10 days of incubation at 30°C. Species determinations were made for 22 patient-unique isolates according to the overall micro-and macroscopic appearance, including the typical appearance and morphology of colonies (usually a loose cottony texture) and microscopic features and arrangement of macroconidia (usually hyaline, multiseptate, fusiform to sickle-shaped, mostly with an elongated apical cell and pedicellate basal cell), shape and mode of formation of microconidia, nature of the conidiogenous cell bearing microconidia, and presence or absence of chlamydoconidia (6, 14) .
Data analysis was performed with SPSS statistical package release 11.01. Groups were compared with chi-square or Fisher's exact test for categorical variables and the Mann-Whitney U test for nonparametric continuous variables. 
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In all cases, a two-sided P value was used. All parameters with a P value of Ͻ0.2 in the univariate analyses were included in a logistic multivariate analysis to predict mortality.
RESULTS
During the study period, cultures positive for Fusarium species were obtained from 89 patients (18 at Hadassah University Hospital and 71 at Sheba Medical Center).
Clinical manifestations. Patient characteristics are described in Table 2 . The majority of the patients (76%, 68 of 89) were not considered immunocompromised, although their characteristics (age, sex, and type of infection) were similar to those seen among immunocompromised patients ( Table 2 ). The proportion with disseminated or locally invasive disease was almost identical in both groups. Although some organs or tissues, including eyes, gastrointestinal tract, and peritoneum, were more likely to be involved in the immunocompetent group, this did not achieve statistical difference. The respiratory tract (nasopharynx and lungs) was significantly more involved among immunocompromised patients. Interestingly, ischemic heart disease was a prominent feature of the immunocompetent patients (P ϭ 0.034). As expected, burn patients were found exclusively among the nonimmunocompromised group.
One of the interesting features of fusarial infection was the involvement of extremities, especially the legs, in more than 50% of patients. The next most common organ involved was the eye (13%).
Invasiveness of infection. Most of the infections were superficial (54%, 48 of 89 patients) ( Table 2 ). The next most common type of infection was locally invasive disease (38%, 34 patients), and disseminated disease was observed in seven patients (8%). These types of infection did not differ between the hospitals or according to the immune status of the patients. Peripheral vascular disease was a risk factor for superficial infection with Fusarium spp. (13 of 48, 27%) versus 2 of 41 (5%) patients with locally invasive and disseminated infections (P ϭ 0.005).
Treatment. Data regarding treatment with systemic fungal drugs were available for 82 patients. Treatment was administered to 20% (9 of 45) of patients with superficial infection, 33.3% (10 of 30) of those with locally invasive disease, and 71.4% (5 of 7) of those with disseminated disease.
Outcome. Data on outcome during hospitalization were available for 86 patients. Nineteen (11%) died during the hospital admission during which a Fusarium species was isolated. The variables associated with in-hospital mortality by univariate analysis are presented in Table 3 . Hematological malignancies and immunosuppression were associated with a higher mortality rate, as was chronic renal failure (P ϭ 0.001). As expected, disseminated infection and its surrogate marker (fungemia) were also associated with a higher mortality rate. In multiple logistic regression analysis (Table 4) , chronic renal failure, hematological malignancy, burns, and disseminated infection were independently associated with poor outcome.
Mycology. Of the 22 patient-unique isolates identified to species level, 10 were Fusarium oxysporum, 8 were Fusarium solani, and 4 were Fusarium dimerum (all F. dimerum were from Sheba Medical Center). Among the other 67 patients, identification of the species was either not available on file or had not been performed, so detailed statistical analysis of the different species could not be carried out. The most common reason for not undertaking species identification was that the fungal culture was thought to represent noninvasive infection by the laboratory or treating physician.
Seasonal and annual variations. Among patients living in rural areas, most infections occurred between June and August (12 of 17), compared to 18 of 54 among residents of urban communities (P ϭ 0.001) (Fig. 1a) .
Ocular and pulmonary infections peaked during August, with 50% of infections in eyes (6 of 12) and lungs (3 of 6) compared to only 13% (10 of 77) and 10% (8 of 83), respectively, of all isolates from other anatomical sites (P Ͻ 0.001 and P ϭ 0.047, respectively). A summer peak was observed in patients from Hadassah University Hospital (Fig. 1) , while at the Sheba Medical Center, no significant seasonal variation was observed.
Although the number of patients from whom Fusarium spp. were isolated ranged from 5 to 13 per year, a statistically significant increasing trend in the rate of cases per 1,000 admissions was noted at the Hadassah University Hospital (P ϭ 0.008) (Fig. 2) . At the Sheba Medical Center, there was no such trend, although the incidence at the Sheba Medical Center was higher than at the Hadassah University Hospital over virtually the entire study period.
DISCUSSION
Fusarium spp. have become one of the important causes of mold infections in humans, especially in immunocompromised hosts, in whom it is second only to Aspergillus spp. (3, 8, 10, 13, 16, 20, 23, 25-27, 30, 33) . Reports of fusarial infection in immunocompetent patients are sparse. These include mostly infection of the eyes, skin and nails, peritoneum, or lungs (1, 2, 5, 11, 12, 18, 21, 26-29, 31, 32, 34-37) . Contrary to other studies, the majority of patients (76%) in our series were immunocompetent. These patients tended to be older than immunocompromised patients and consequently had a greater prevalence of underlying diseases such as ischemic heart dis- ease. Diabetes mellitus, peripheral vascular disease, and chronic renal failure were also more frequent but not significantly so. Major sites of infection in the immunocompetent patients included the eyes and the lower limbs, where the common presentation was skin ulceration. Although most infections were superficial, locally invasive disease was observed in 38% (34 patients), and in 8% (seven patients) disseminated infection was documented, including one patient with bloodstream infection, two with burns, and one with multiple abscesses of both lower limbs. Only two of the latter group survived (one with burns and one with multiple leg abscesses), emphasizing the severity of this infection, when disseminated, among immunocompetent patients. Most of our patients were not treated for fungal infection. We were unable to judge which patients for whom this was appropriate from the data available. The administration of treatment may merely reflect the presence of clinically more aggressive disease. Clinicians generally consult with the laboratory or infectious diseases service when an unusual finding is reported. In addition to possible delays emanating from late reporting due to the time required for growth and identification, isolation of molds from superficial specimens is poorly understood by clinicians. On the other hand, when the patient has a special problem, e.g., neutropenia or burns, contact with the infectious diseases service or laboratory is often initiated before isolation of any organism. In such cases, communication clearly works, and the significance of the fungal isolate is understood.
We found several risk factors for higher in-hospital mortality among patients with fusarial infections; chronic renal failure, hematological malignancy, and burns were associated with increased odds (by multiple logistic regression analysis) for death during hospitalization (odds ratio, Ն15.0), as was disseminated infection (odds ratio, 8.7). Fleming et al. (8) and Boutati and Anaissie (3) have also commented on dissemination being associated with higher mortality.
It has been suggested previously (3, 13, 26) that F. solani is more frequently associated with disseminated disease than other Fusarium species. We noted a similar tendency, which may reflect the greater pathogenic potential in a murine model (24) . However, since the species of most of our isolates were not determined, no firm conclusion can be drawn.
Fusarial infection has a tendency for seasonal variation. The infection is most prevalent in autumn in France (16) and in summer in Texas and Italy (3, 10, 30) . In Israel, the highest incidence of Fusarium species isolation was in the summer, particularly among patients from rural areas, and was associated with ocular and respiratory tract infections (6, 30) . This may reflect sporulation of Fusarium spp. during this season. Interestingly, in Israeli agricultural practice, Fusarium spp. are usually considered pathogens of various field and vegetable crops during the summer (17) . However, there are two agriculturally significant F. oxysporum forms that are considered winter pathogens (9, 17) . Moreover, in Israel, fusarial infections are unrelated to rain and wind, in contrast to previous reports from other countries (3, 10, 30) , since Israeli summers are rainless and hot (around 30°C). It is conceivable that the humidity, which is high in the coastal plain in the summer (55 to 70%) and low in the mountains (40 to 55%) (4), may partly explain the differences between these regions, as presented by more cases per 1,000 admissions in Sheba Medical Center, which is located in the coastal plain, than in the Hadassah University Hospital, located in the mountains of Jerusalem.
In our series, as in others (14, 27) , the skin of the lower limbs was the main anatomical site involved (48 of 89 patients, including the eight patients with burns). Other major organs with relatively frequent involvement included the eye (n ϭ 11), respiratory tract (n ϭ 9), and gastrointestinal tract and genitourinary tract (n ϭ 9). Since our series is based on hospitalized patients, it is likely that the true incidence of superficial infections of the limbs or the eyes is much higher than estimated here.
The frequency of isolation of Fusarium species varies between different countries (3, 10, 16) . Such variation was also observed between two different geographical regions within Israel. The major differences between the hospitals that we studied are their location and elevation: Sheba Medical Center is situated in the coastal plain, and Hadassah University Hospital is located in the mountains of Jerusalem. While the frequency of isolation at Sheba Medical Center during the 10 years of the study remained constant, there was a steady increase in the number of isolations at the Hadassah University Hospital (Fig. 2) . Indeed, after a single case of disseminated fusarial infection was diagnosed histologically in 1987 at Hadassah University Hospital (7), there were no further isolations until 1992. Even at Sheba Medical Center, there may have been some increase in the number of isolations. In an earlier report from Sheba Medical Center (11), the number of isolations from 1982 to 1991 was 40, compared to 71 in 1992 to 2001 (our study), but this trend is not statistically significant. Therefore, we consider that Fusarium species are emerging pathogens in the mountainous area of Israel and possibly to a lesser extent in the coastal plain as well.
